We have obtained K-band Multi-Object Spectrograph (KMOS) near-IR spectroscopy for 14 red supergiant stars (RSGs) in the young massive star cluster NGC 2100 in the Large Magellanic Cloud (LMC). Stellar parameters including metallicity are estimated using the J-band analysis technique, which has been rigorously tested in the Local Universe. We find an average metallicity for NGC 2100 of [Z] = −0.43 ± 0.10 dex, in good agreement with estimates from the literature for the LMC. Comparing our results in NGC 2100 with those for a Galactic cluster (at Solar-like metallicity) with a similar mass and age we find no significant difference in the location of RSGs in the Hertzsprung-Russell diagram. We combine the observed KMOS spectra to form a simulated integrated-light cluster spectrum and show that, by analysing this spectrum as a single RSG, the results are consistent with the average properties of the cluster. Radial velocities are estimated for the targets and the dynamical properties are estimated for the first time within this cluster. The data are consistent with a flat velocity dispersion profile, and with an upper limit of 3.9 km s −1 , at the 95% confidence level, for the velocity dispersion of the cluster. However, the intrinsic velocity dispersion is unresolved and could, therefore, be significantly smaller than the upper limit reported here. An upper limit on the dynamical mass of the cluster is derived as M dyn 15.2 × 10 4 M assuming virial equilibrium.
INTRODUCTION
Young massive clusters (YMCs 1 ) are important probes of the early evolution of star clusters and have increasingly been used as tracers of star formation in galaxies (e.g. Whitmore & Schweizer 1995; Miller et al. 1997; Zepf et al. 1999 ). Known to contain large populations of massive stars, YMCs are also important tracers of massive star formation, which is heavily clustered (Lada & Lada 2003; de Wit et al. 2005; Parker & Goodwin 2007) . In addition to being the birthplace E-mail: lrp@roe.ac.uk of most of the massive stars in the Local Universe (> 200 M stars in R136; Crowther et al. 2010) , owing to the density of stars, YMCs are thought to be the birthplace of some of the rich stellar exotica (e.g. blue stragglers, X-ray binaries and radio pulsars) found in the old population of globular clusters (GCs; Portegies .
Recently, the idea that GCs are simple stellar populations has been called into question based on chemical anomalies of light elements (C, N, O, Na and Al; e.g. Gratton et al. 2012) . These anomalies are considered by most authors to be the signature of multiple stellar populations within GCs. Studying YMCs could therefore potentially help to constrain some of the proposed models for creating multiple stellar populations within GCs (e.g. Cabrera-Ziri et al. 2014) .
Investigating the link between YMCs and older clusters is an important, uncertain, factor in the evolution of young clusters. As most stellar systems are thought to dissolve shortly after formation (Lada & Lada 2003) , determining how long bound systems can remain so is an important question to answer. Studying the dynamical properties of YMCs is, therefore, an important tool to evaluate the likelihood that young clusters will survive. In addition, the study of YMCs in different environments can help bridge the gap between the understanding of star formation in the Solar neighbourhood and that in the high-redshift Universe.
Over the last few years, medium resolution (R 3000) near-IR spectroscopy has been shown to be a powerful tool to estimate stellar parameters for red supergiant stars (RSGs; Davies et al. 2010) . RSGs are the final evolutionary stage of a massive star and, owing to their cool atmospheres (T eff ∼ 4000 K; Davies, B., et al. 2013) , are brightest at ∼ 1.1 µm. In star-forming galaxies, RSGs are the most luminous near-IR sources, therefore, they can be observed out to large distances at these wavelengths. Given that dust extinction is intrinsically lower at near-IR wavelengths and that the next generation of ground-/space-based telescopes will be optimised for observations at these wavelengths, RSGs are likely to become increasingly attractive targets by which to study distant star-forming galaxies.
The J-band analysis technique for estimating metallicities and stellar parameters of RSGs has been rigorously tested by Gazak et al. (2014a) and . These authors show that metallicities can be estimated in extragalactic systems to a high level of accuracy and to a precision of < 0.15 dex.
The availability of the K-band multi-object spectrograph (KMOS; Sharples et al. 2013) at the Very Large Telescope (VLT), has presented new opportunities for efficient observations of samples of RSGs in external galaxies to study their distribution and build-up of metals. Patrick et al. (2015) used KMOS observations to investigate the present-day metallicity of NGC 6822 (d = 0.5 Mpc) and Gazak et al. (2015) determined the metallicity gradient of NGC 300, a grand design spiral galaxy outside the Local Group (d = 1.9 Mpc), finding striking agreement with previous measurements from stars and H II regions.
In addition, Gazak et al. (2013) demonstrated that, after the appearance of the first RSGs within a YMC, the overall near-IR flux from the cluster is dominated by the RSGs (FJ,RSG/FJ > 0.90). Using this result, these authors showed that the spectrum from an unresolved star cluster can be used to estimate the average properties of the RSG population of the cluster using exactly the same analysis method as for single stars. Lardo et al. (2015) demonstrated this with KMOS spectroscopy of three unresolved YMCs in NGC 4038 in the Antennae (d = 20 Mpc), at Solar-like metallicity, finding good agreement with previous studies. With a multiobject spectrograph operating on the European Extremely Large Telescope, this technique could be used to measure metallicities of individual RSGs at distances of > 10 Mpc Figure 1 . Positions of the KMOS targets in NGC 2100 overlaid on a VISTA J-band image (Cioni et al. 2011) . Green circles indicate KMOS targets. The adopted cluster centre has been marked by a blue cross.
and from YMCs out to potentially > 100 Mpc (Evans et al. 2011) .
NGC 2100 is a YMC in the Large Magellanic Cloud (LMC), located near the large star-forming 30 Doradus region. With an age of ∼ 20 Myr (Elson 1991; Niederhofer et al. 2015) , and a photometric mass of 4.6 × 10 4 M (McLaughlin & van der Marel 2005, assuming King (1966) profiles), NGC 2100 falls within the mass and age range where the near-IR cluster light is dominated by RSGs (Gazak et al. 2013) . This is supported by the large number of RSGs identified within this cluster (see Figure 1) .
NGC 2100 is not a cluster in isolation. It is located in one of the most actively star-forming regions within the Local Group of galaxies. At ∼ 20 Myr old, the most massive members of this star cluster will have already exploded as supernovae. This should have had a profound effect on the surrounding gas and dust, and has potentially shaped the surrounding LMC 2 supershell (see Points et al. 1999) .
In this study we estimate stellar parameters from KMOS spectroscopy for 14 RSGs which appear to be associated with NGC 2100. Section 2 describes the observations and data reduction, and in Section 3 we detail our results, focusing on radial velocities of the target stars where we derive the line-of-sight velocity dispersion, the dynamical mass of NGC 2100 and stellar parameters. Our results are discussed in Section 4 and conclusions are presented in Section 5. Figure 1 shows the observed RSGs overlaid on a J-band VISTA image of the surrounding region (Cioni et al. 2011) .
The standard KMOS/esorex routines (SPARK; Davies, R. I., et al. 2013 ) were used to calibrate and reconstruct the data cubes. Telluric correction was performed using observations of the standard star in all 24 IFUs using the methodology described in detail by Patrick et al. (2015) . Briefly, corrections are made to the standard telluric recipe to account for slight differences in wavelength calibration between the telluric and science spectra. This is implemented using an iterative cross-correlation approach. Additionally, differences in the strength of the telluric features are corrected by applying a simple scaling using the equation:
where T2 is the scaled telluric-standard spectrum, T1 is the uncorrected telluric-standard spectrum and c is the scaling parameter which is varied from c = −0.5 to c = 0.5 in increments of 0.02. The best value of c is chosen based on the overall standard deviation of the spectrum, i.e. the c value producing the smallest σ is selected. Once these corrections are accounted for, the science spectra are divided by the appropriate telluric spectrum for that particular KMOS integral field unit (IFU).
RESULTS

Radial velocities and velocity dispersion
Radial velocities are estimated using an iterative crosscorrelation method. To ensure systematic shifts are removed, the observed spectra are first cross-correlated against a spectrum of the Earth's atmosphere, taken from the European Southern Observatory web pages 2 , at a much higher spectral resolution than that of KMOS. This spectrum is then degraded to the resolution of the observations using a simple Gaussian filter. The cross-correlation is performed within the 1.140-1.155 µm region, as a strong set of reliable telluric features dominates this region, with minimal contamination from stellar features. The shift arising from this comparison is typically 0-10 km s −1 and is then applied to the science spectra so that they are on a consistent wavelength solution.
Stellar radial velocities are estimated following a similar approach to the methods used by Lapenna et al. (2015) and Patrick et al. (2015) . An initial radial-velocity estimate is found for each star from cross-correlation of the KMOS spectra with an appropriate model spectrum in the 1.16-1.22 µm region (selected owing to the dominance of atomic features in RSG spectra at these wavelengths). We improved on this initial estimate via independent cross-correlation of the observed and model spectra for seven strong absorption lines in this region.
The quoted radial velocity for each star is the mean of these estimates, where the quoted uncertainty is the . The solid black line shows the mean cluster velocity (v 0 = 251.6 ± 1.1 km s −1 ) and the shaded blue region shows v 0 ± σ 1D . The blue triangles show estimates for two OB-type stars in NGC 2100 and the red squares show previous estimates for three of our targets (Jasniewicz & Thevenin 1994) . The distance modulus used to produce this figure is 18.5 (Pietrzyński et al. 2013; de Grijs et al. 2014) .
standard error of the mean (i.e. σ/ √ n lines ). Obvious outliers (with δRVs of tens of km s −1 ) were excluded in calculating the mean estimates; such outliers arise occasionally from spurious peaks in the cross-correlation functions from noise/systematics in the spectra.
In order to sample from the posterior probability distribution for the intrinsic velocity dispersion and mean cluster velocity (given the observed radial velocity estimates and their uncertainties), we use emcee (Foreman- Mackey et al. 2013) , an implementation of the affine-invariant ensemble sampler for Markov chain Monte Carlo (MCMC) of Goodman & Weare (2010) . Our likelihood function is given by
, (2) where σ1D is the intrinsic velocity dispersion of the cluster, v0 is the mean cluster velocity, and the data consists of our set of radial velocity measurements vi and their uncertainties σv,i. We therefore assume that the intrinsic cluster dispersion is Gaussian with no variations in the dispersion across the sample. The systemic radial velocity (v0) of the sample is estimated to be 251.6 ± 1.1 km s −1 . Table 1 displays our stellar radial-velocity estimates and Figure 2 shows these estimates as a function of distance from the centre of the cluster, compared with the average radial velocity of ∼200 massive stars within the LMC from Evans et al. (2015, green dashed line) . To quantify the likelihood that the measured velocities are consistent with the NGC 2100 mean cluster velocity we calculate the probability that each measured velocity is drawn from a two-component mixture of Gaussian distributions with P (x|{µ, σ}NGC 2100) + P (x|{µ, σ} LM C−f ield ) = 1, where the LMC-field distribution is defined by Evans et al. (2015) . From this analysis one target (J054212.20−691213.3) has a measured velocity with greater probability of being drawn from the underlying distribution of massive stars rather than the distribution centred on the NGC 2100 systemic velocity. Excluding this target from the sample does not alter the estimation of v0 or σ1D significantly, therefore we choose to include this target for further analysis.
We conclude that all targets have a velocity consistent with membership to the LMC (as opposed to Galactic objects) and that none display compelling evidence for being excluded from membership of NGC 2100.
The estimated v0 is in reasonable agreement with previous measurements for two OB-type stars in the cluster as well as the results from four RSGs in NGC 2100 (Jasniewicz & Thevenin 1994 , henceforth JT94; three of which were observed in the current study). Table 2 contains the details of previous radial velocity measurements within NGC 2100. We conclude that there exists no significant difference between our measurements and previous estimates within NGC 2100. This is an additional confirmation that absolute radial velocities can be precisely measured with KMOS spectra.
As shown in Figure 3 , the line-of-sight velocity dispersion (σ1D) of NGC 2100 is unresolved given the current data. We can therefore place an upper limit on σ1D < 3.9 km s −1 at the 95% confidence level.
In Figure 4 we demonstrate that we find no evidence for spatial variations in the measured σ1D and we note that in each radial bin (which contain 5, 4 and 5 stars respectively), the measured dispersion is unresolved.
Dynamical mass
Using σ1D as an upper limit on the velocity distribution, one can calculate an upper limit on dynamical mass of the cluster using the virial equation:
where M dyn is the dynamical mass and η = 6rvir/r eff = 9.75 -providing the density profile of the cluster is sufficiently Figure 3 . One-and two-dimensional projections of the posterior probability distributions of the line-of-sight velocity dispersion (σ 1D ) and systemic velocity (v 0 ) for NGC 2100 assuming the dispersion is Gaussian and constant over the range measured. Using this method the velocity of NGC 2100 is 251.6 ± 1.1 km s −1 . This figure also demonstrates that the velocity dispersion for the sample is unresolved, we can therefore place an upper limit on σ 1D < 3.9 km s −1 at the 95% confidence level. The vertical dashed lines in these figures indicate the estimated parameters with their associated 1 σ uncertainties. Figure 4 . Upper limits to the line-of-sight velocity dispersion for the NGC 2100 RSGs in three radial bins as a function of the distance from the centre of NGC 2100. This figure demonstrates that we find no evidence for spatial variations in σ 1D . However, we note that in each radial bin the underlying dispersion is unresolved (see Figure 3 ).
1.0) × 10 4 M (McLaughlin & van der Marel 2005)
, we see that the upper limit on the dynamical mass is larger.
As discussed by Gieles et al. (2010) , binary motions can increase the measured velocity dispersion profile (e.g. see Hénault-Brunet et al. 2012 ). However, as Gieles et al. (2010) note, the mean lifetime for RSGs in binary systems is significantly decreased and, where mass transfer occurs, their number decrease dramatically (Eldridge et al. 2008 ). We therefore expect that the number of RSGs in close binaries is small (Feast 1979; Davies et al. 2009 ). The fraction of RSGs in longer-period systems is less certain, but these would contribute substantially less to the line-of-sight velocity distribution.
These arguments suggest that our estimate for the velocity dispersion in NGC 2100 is not significantly increased by binary motions as our target stars are expected to be (predominantly) single objects. As the true dispersion of the cluster appears to be unresolved (Figure 3 ), we conclude therefore that the upper limit of the dynamical mass is consistent with the published photometric mass.
Evidence in the literature suggests that J054211.61−691309.2 is an eclipsing binary system VV Cep (Feast 1979) . The radial velocity of this star (256.6 ± 6.1 km s −1 ) appears to be slightly enhanced with respect to systemic velocity of NGC 2100, however, further study would be required to unambiguously classify this object as a binary.
Stellar parameters
Stellar parameters are estimated for each target using the J-band analysis technique described initially by Davies et al. (2010) and tested rigorously by Gazak et al. (2014a) and . These studies show that by using a narrow spectral window within the J-band one can accurately derive overall metallicities ([Z] = log(Z/Z )) to better than ± 0.15 dex at the resolution of KMOS observations with S/N 100. Patrick et al. (2015) built on this by demonstrating the feasibility of this technique using KMOS spectra.
The analysis uses synthetic RSG spectra, extracted from marcs model atmospheres (Gustafsson et al. 2008) , computed with corrections for non-local thermodynamic equilibrium for lines from titanium, iron, silicon and magnesium (Bergemann et al. 2012 (Bergemann et al. , 2013 (Bergemann et al. , 2015 . The parameter ranges for the grid of synthetic RSG spectra are listed in Table 3 . The synthetic spectra are compared with observations using the χ-squared statistic and the synthetic spectra are degraded to the resolution and sampling of the observations. The diagnostic spectral features used to estimate stellar parameters have equal weighting in the analysis.
Estimated stellar parameters are listed in Table 4 . super-solar metallicity. This appears unlikely given its apparent membership to the LMC, and it is notable that the estimates for the surface gravity and microturbulence parameters are also outliers compared to the rest of the sample. In addition, as noted above, this star was flagged as a potential eclipsing binary by (Feast 1979) , therefore this target is excluded from the sample in further analysis.
The average metallicity in NGC 2100 estimated here is in good agreement with estimates of the cluster metallicity using isochrone fitting to the optical colour-magnitude diagram (−0.34 dex; Niederhofer et al. 2015) . The only other estimate of stellar metallicity within this cluster is from JT94 who estimated metallicities using optical spectroscopy of four RSGs. These authors found an average metallicity for NGC 2100 of [Fe/H] = −0.32 ± 0.03 dex, which is in rea- sonable agreement with our estimate. There are three targets in common with our study: B17, C2 and C32 (using the Robertson 1974, nomenclature) . Given the differences in the analyses (i.e. optical cf. infrared, and the different models used) the estimated parameters are in reasonable agreement for all three stars (aside from the spectroscopic gravities quoted by JT94, but with reasonable agreement with their photometric gravity estimates).
Using the same analysis technique as in this study, estimate metallicities for nine RSGs within the LMC, finding an average value of [Z] = −0.37 ± 0.14 dex, which our estimate agrees well with. In Figure 6 , we compare the effective temperatures and metallicities from NGC 2100 with those estimated for RSGs elsewhere in the LMC. We find good agreement in the distribution of temperatures from the two studies, with the average agreeing well. The range in [Z] from the LMC population is slightly larger than that of the NGC 2100 RSGs, which is expected when comparing a star cluster with an entire galaxy; however, the averages for the two studies agree very well.
DISCUSSION
Stellar parameters
Luminosities have been estimated for our sample from Kband photometry (see Table 1 ) using the bolometric correc- (Gazak et al. 2014a ). The best-fit isochrone to the observed data has an age of 20 ± 5 Myr for both SMC-and solar-like metallicities.
tion from Davies, B., et al. (2013) with a small contribution from interstellar extinction using E(B−V) = 0.17 (Niederhofer et al. 2015) assuming RV = 3.5 (Doran et al. 2013) and AK /AV = 0.112 (Rieke & Lebofsky 1985) . The H-R diagram for the cluster is presented in Figure 7 . Overlaid on this H-R diagram are syclist stellar isochrones for SMClike (solid lines; Georgy et al. 2013 ) and Solar-like (dashed lines; Ekström et al. 2012) models, where stellar rotation is 40% of break-up velocity. Even though the temperatures covered by the SMC-like models do not represent the distribution of temperatures observed in this study, they remain useful to constrain the age of NGC 2100. The Solar-like models (dashed) demonstrate that, when compared with the SMC-like models, increasing the metallicity of the sample (a) decreases the average temperature of the RSGs (something which is not observed by Patrick et al. 2015) , (b) induces so-called 'blue loop' behaviour for the youngest models and (c) decreases the luminosity for the youngest models. The best-fitting model to the observed data has an age of 20 ± 5 Myr, in reasonable agreement with the estimate in Beasor & Davies (submitted).
In addition, results for 11 RSGs from the Galactic star cluster Perseus OB-1 (PerOB1; Gazak et al. 2014b ) are overlaid in Figure 7 (blue stars) for which stellar parameters were estimated using the same analysis technique as in this study. PerOB1 is a cluster with a similar mass and age (2 × 10 4 M and 14 Myr respectively; Currie et al. 2010) as NGC 2100, and a comparison between the stellar components of these two clusters using a consistent analysis technique is useful to highlight differences in stellar evolution within clusters at this range of metallicities.
We can see from Figure 7 that, generally, the estimated temperatures are in good agreement between the two clusters. The median luminosity for the PerOB1 targets (10 4.93±0.15 L ) is slightly above that of NGC 2100 Figure 5 . KMOS spectra of RSGs in NGC 2100 and their associated best-fit models (black and red lines, respectively). The upper panel shows the simulated integrated-light cluster spectrum; the lower panel shows spectra for the individual RSGs. The lines used for the analysis, from left-to-right by species, are Fe I λλ1. 188285, 1.197305; Mg I λλ1.182819, 1.208335; Si I λλ1.198419, 1.199157, 1.203151, 1.210353; Ti I λλ1.189289, 1.194954. (10 4.77±0.15 L ) which could represent the slight difference in the ages of the two clusters. As PerOB1 is younger, the average mass for a RSG in the cluster will be larger than the average in NGC 2100. Therefore, we would expect to see higher luminosity RSGs in PerOB1. However, the difference between the two samples is barely significant and is consistent with a constant luminosity. The average effective temperatures for the two data sets (NGC 2100: 3890 ± 20 K, PerOB1: 3940 ± 10 K) are in reasonable agreement, where the spread in temperatures is slightly larger for PerOB1 (σPerOB1 = 120 K, σNGC 2100 = 85 K), particularly so for the highest luminosity targets within the PerOB1 sample. Overall, by comparing these two star clusters with a similar mass, age and stellar population, we conclude that there exists no significant difference in appearance on the H-R diagram of RSGs within these star clusters of different metallicities.
The stellar parameters have been estimated assuming a Solar-like [α/Fe] = 0.0. As we have recently included the non-LTE corrections for two strong Mg I lines (Bergemann et al. 2015) we now have the tools to estimate the [α/Fe] given that we have increased the number of diagnostic lines used as well as the number of α elements. We do not include [α/Fe] as a free parameter in our model as the [α/Fe] for the LMC appears to be within ± 0.2 (see Davies et al. 2015, and references therein) . In the near future we will introduce the [α/Fe] as a free parameter in this analysis routine where its dependencies and any potential degeneracies will be quantified rigorously, however, this is beyond the scope of the present study.
Simulated cluster spectrum analysis
We can use the individual stars in NGC 2100 to simulate the analysis of a YMC in the more distant Universe, using the assumption that RSGs dominate the near-IR flux from such a cluster (Gazak et al. 2013 this assumption to create a simulated integrated-light cluster spectrum for PerOB1 and show that, by analysing the combined spectrum from their 11 RSGs, the resulting parameters are consistent with the average parameters estimated using the individual stars. NGC 2100 has a similar mass and age to PerOB1 and Gazak et al. (2014a) study a similar number of RSGs to this study, therefore, a direct comparison between the two clusters is useful to investigate potential metallicity dependencies.
To create a simulated integrated-light cluster spectrum we sum all the individual RSG spectra weighted by their Jband luminosities. The resulting spectrum is then degraded to the lowest resolution spectrum of the sample using a simple Gaussian filter. The top panel of Figure 5 shows the resulting integrated-light cluster spectrum. This spectrum is then analysed in the same way described in Section 3.3 for a single RSG. The results of this analysis are what one would expect from KMOS observations of more distant YMCs where individual stars cannot be resolved. We find a metallicity of −0.42 ± 0.14 dex, an effective temperature of 3860 ± 85 K, a surface gravity of 0.37 ± 0.22 dex and a microturbulent velocity of 4.6 ± 0.3 km s −1 which agree well with the averages of the individual RSG parameters.
Velocity dispersion and dynamical mass
This study represents the first estimate of an upper limit to the line-of-sight velocity dispersion profile for NGC 2100. Comparing this estimate with that of other YMCs in the Local Universe is useful to ascertain if this cluster shares similar properties with other YMCs. We find the properties NGC 2100 are well matched by other clusters with similar masses and ages, particularly so with RSGC01, a Galactic YMC (Davies et al. 2007 ).
Owing to the non-negligible contribution from measurement errors, the σ1D adopted here is an upper limit to the true dispersion within the cluster which is likely to be significantly smaller. Using the data available, we can rule out an σ1D value significantly larger than 3.9 km s −1 , however, the true dispersion of the cluster is unresolved.
By extension, the dynamical mass estimated here is therefore also an upper limit to the true mass of the cluster. There are several factors that could alter the value of the dynamical mass estimate. The likely value of the η parameter is discussed in Section 3.2 and any change in this value will act to decrease the estimated dynamical mass.
CONCLUSIONS
Using KMOS spectra of 14 RSGs in NGC 2100 we have estimated the dynamical properties of this YMC for the first time. Radial velocities have been estimated to a precision of < 5 km s −1 demonstrating that KMOS can be used to study the dynamical properties of star clusters in external galaxies.
An upper limit to the average line-of-sight velocity dispersion of σ1D = 3.9 km s −1 has been estimated, at the 95% confidence level, and we find no evidence for spatial variations. Using the average velocity dispersion within NGC 2100 allows an upper limit on the dynamical mass to be calculated (assuming virial equilibrium) as M dyn = 15.2× 10 4 M . This measurement is consistent with the literature measurement of the photometric mass (McLaughlin & van der Marel 2005) as the true dispersion is unresolved.
In addition to estimating the dynamical properties of NGC 2100, we have also estimated stellar parameters for the RSGs in NGC 2100 using the new J-band analysis technique (Davies et al. 2010) . We find the average metallicity for RSGs in NGC 2100 is [Z] = −0.43 ± 0.10 dex, which agrees well with previous studies within this cluster and with studies of the young stellar population of the LMC.
The H-R diagram of NGC 2100 is compared with that of PerOB1: a Galactic YMC with a similar age, mass and stellar population. Using stellar parameters estimated from Gazak et al. (2014a) , obtained with the same technique as in this study, we demonstrate that there is no significant difference in the appearance of the H-R diagram of YMCs between Solar-and LMC-like metallicities.
By combining the individual RSG spectra within NGC 2100, we have simulated an integrated-light cluster spectrum and proceeded to analyse this spectrum using the same techniques for that of the individual RSGs, as RSGs dominate the cluster light in the J-band (Gazak et al. 2013 ).
The results of this technique demonstrate the potential of this analysis for integrated light spectra of more distant YMCs in low-metallicity environments. We find good agreement using the integrated-light cluster spectrum with the average results of the individual RSGs.
